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ABSTRACT

This research project took the first steps to eval uate
the extent or depth of analysis needed in a fire hazard or
ri sk assessnent process. The values or elenents that should
be considered in the assessnent, the anmount of effort that
such an assessnent should entail were expl ored.

This research enployed both historical and action
research to (1) determne if an exacting, quantitative fire
ri sk analysis method should be utilized to evaluate fire
hazards presented by structures and facilities, (2) to
determ ne what elenents or values of fire risks must be
exam ned to conpile the data necessary to make quantitative
ri sk analyses, and (3) to determ ne the anmount of effort that
woul d be required to nake a quantitative risk analysis
productive in a structure by structure assessnent program

The primary research procedure utilized eval uated sources
seeking the present technical data and information related to
fire risk assessment. The data conpil ed assenbl ed t hree
primary elenments and a significant |ist of sub-elenents or
val ues which nust be included in a assessnent process.
Appendi ces were assenbled to consolidate sone of the data into
groups so that the true nmagnitude of the necessary anal ysis
coul d be visualized.

This research concl uded that though analytically
conputable fire risk inpact values could be determ ned with
today's technol ogy and mat hemati cal processes, the resource
demand upon nost fire agencies would be beyond their
capabilities. The conclusions also continue to support the
need for such an analytical capability through another
process.



The recommendati ons comng fromthis research include (a)
a continued effort to develop a nmeans to accurately and with
validity achieve fire risk assessnment of buildings and
facilities, (b) utilize the fire risk assessments process
el ements determned within the present capabilities of fire
service organi zations to i nprove data collection and with the
obj ective to aid services such as fire prevention inspections,
new construction plan review, and pre-plan efforts for fire
suppression forces, as well as future fire risk assessnment
efforts and (c) attenpt to achi eve such quantitative analysis
efforts through fire protection engineering services for newmy
constructed buildings - funded by the owner or devel oper.
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| NTRODUCTI ON

The Brighton Fire Protection District, as with nost
governnment al agencies, is experiencing a changi ng tax payer
sentiment. Taxpayers today are wanting to scrutinize the
services offered by governnental agencies and be selective
about which to support and at what econonic |evel.

Traditional fire services are not a daily need and are coni ng
under watchful consideration.

To respond, the Brighton Fire Protection District (BFPD)
must exam ne closely every service area presently provided and
eval uate the best nmanner to efficiently continue to offer

t hose services. Fire suppression is still the paranmount
service offered by fire departnents and yet is beconing the
| east continuously utilized service. To maintain the needed

public support for fire suppression, fire agenci es nust
denonstrate quality operations with the nost efficient usage
of taxpayer dollars. Fire suppression service efficiency can
only be devel oped through careful matching of suppression
capabilities and the fire hazards or risks within the
protection area. To accurately assess fire hazards or risks,
provi di ng the foundati on upon which suppression capabilities
can be determ ned, is essential.

The District's denographi c make-up constantly changes,
the fire hazards or risks change with age, grow in nunbers, or
become nore varied in nature; adding greatly to the val ue of
an assessnment ability as well as the conplicacy of that
assessment process.

The purpose of this research was to take the first step
to evaluate the extent or depth of analysis needed in an
assessnment process, the values or elenments that should be
considered in the assessnent, and the amount of effort that
such an assessnent could or should demand. Utilizing this
research as the foundation, the final goal is to actually



devel op such anassessnment tool and process.

Hi storical and action research nmethods were enployed to
answer the follow ng questions and gain the foundation
i nformation.

1. Shoul d an exacting, quantitative fire risk analysis
met hod be utilized to evaluate fire hazards
presented by structures and facilities?

2. What el enents or values of fire risks nust be
exam ned to conpile the data necessary to nake a
guantitative risk anal ysis?

3. VWhat amount of effort would be required to nake a
guantitative risk analysis productive in a structure
by structure assessnent progranf

BACKGROUND AND SI GNI FI CANCE

The Brighton Fire Protection District covers
approxi mately 180 square mles of area |ocated on the front
range of the Rocky Mountains of Col orado. The District is
directly adjacent to the newy conpleted and rapidly
devel opi ng Denver International Airport (DI A conplex;
nort heast of the city of Denver. This region is recognized as
one of the nobst rapidly growth areas within the state and
nati on.

Annual growth rates are now reaching the 8 to 10 percent
pace with build-out far in the future. Denopgraphic
devel opnent continues greatest in areas of single and nulti-
fam |y residential occupancies. Support or service -
commer ci al occupanci es, assenbly occupancies, light to
noderate industrial facilities, and spotted inpacts of heavy



i ndustry and high rise structures are increasing rapidly.

New y created tax referenduns, applying to property and
sal es taxes, have greatly limted the income growth potentials
of nobst governnent services within the state. In fact, even
t hough the tax revenues generated by the growth now being
experi enced cannot be taken advantage of w thout passage of
speci al election referenduns all owi ng such revenue usage.

Some limted increases in revenues are provided for but nust
remain within a very specific guidelines and presently are not
keeping up with service growth demands. Reaching the
efficiencies noted within the Introduction of this report is
absolutely essential if existing fire service levels are to be
appropriately maintained.

BFPD, within the limts of the present revenue
conditions, participates in nost of the traditional fire
prevention efforts toward code enforcenent, community
pl anni ng, public education, and hazard mitigation prograns;
all in an effort to prevent fires as well as true attenpt to
mai ntain fire hazards or risks within the abilities of
District fire suppression forces. Yet, as innost other fire
districts, fires continue to occur.

New approaches to fire prevention code enforcenment are
adopting performance based code processes rather than
traditional prescriptive type codes. This new enforcenment
alternative may provide the needed alternatives to acconplish
the next level of fire safety in buildings but both
enf orcenent net hods continue to make focus on post ignition -
fire contai nment and do not appear to strongly consider the
fire ignition source potentials.

Australia has established new efforts toward buil ding or
fire code enforcenment utilizing a performance based approach

with the newly published Eire Engineering Guidelines. Unlike



many of the performance based code efforts in the U.S., the
Australian effort has based the building s performance

requi renments on a risk or hazard assessnent. As noted in the
For war d,

"Fire safety involves control of risk to |ife and often
to property. Wthout appropriate risk-assessnment methodol ogy,
it is inpossible to quantify risk or conpare alternative
desi gn sol utions.

Ri sk assessnent net hodol ogy has been successfully applied
in regul ations for catastrophic eventssuch as earthquakes and
extreme winds, and fire risk can be simlarly predicted
(1996)."

Additionally, the Australian guidelines require

consi deration of local fire suppression capabilities and such
consi derations as response tines, rescue tinme requirenents,
and time considerations to mount a fire attack and acconplish
extingui shment. Unfortunately the Australian effort provides
only the criteria for risk or hazard anal ysis but does not
provi de an actual analysis schedule or neans of rating the
potentials for fire.

U.S. fire service related industries, nost specifically
theNational Fire Protection Association (NFPA), have for nmany
years made standards available to the fire service in an
effort to guide inprovenents in areas of performance and
operations. National Fire Protection Association Standards,
specifically NFPA 1201 - Standard for Devel oping Fire
Protection Services for the Public (1995) and the yet to be
publ i shed NFPA 1200 - Standard for Organi zation, Operation,
Depl oynent, and Eval uation of Public Fire Protection and
Emer gency Medi cal Services (Draft), make fire hazard or risk
anal ysi s, evaluation, and ri sk managenent an nmandatory
requi rement for conpliance with the Standards.



Conpliance with the NFPA Standards is intended to
i ndi cate positive performance by the agency providing the fire
services. These Standards establish the need for anal ysis but
as with the Australian effort, do not provide a method or
means to acconplish the anal ysis.

The International Fire Chiefs, through their National

Fire Service Accreditation Program have recently created an
internal industry effort to generate a nationally recognizable
standard for neasurenment of performance for the fire service.
Wthin the newy published Eire and Energency Service Self
Assessnent Manual, fire risk assessnent and the usage of the
assessnent information for determ ning perfornmance coverage

| evel s is a performance evaluation indicator (p.4-5). A
positive outcome of the performance eval uation indicators

| eads to National Accreditation of a fire service

organi zation. Many fire service organi zations hope this

Nati onal Accreditation will indicate to tax payers and
protected area citizens that the efficiency indicated within
the Introduction of this research report has been achi eved.
Again, the risk or hazard analysis is required but the

anal ysis process is not created.

Private industry, predom nately the chem cal conpanies
and to sonme extent the insurance industry, have spent
significant resources on establishing fire risk or hazard
anal ysis guidelines. Fire protection engineers have made
significant strides in fire risk analysis efforts and from
t hose efforts have created conputerized fire nodels to analyze
fire devel opment and growt h scenarios. Mich of this work is
very industry or scope specific and does not reach the needs
outlined by this Background and Significance review. The
anal ysi s approach viewed necessary by this review nmust exan ne
the building or facility fromthe potential for fire to the
actual fire control producing some conclusive el ements which
can be utilized as a fire suppression force capability



determ nati on neans and as a new initiation effort for fire
prevention activities.

LI TERATURE REVI EW

Defining Fire Ri sk or Hazard Anal ysis

In the md to late 1980's and early 1990's, the National
Acadeny offered a fire managenent course "Fire Ri sk Anal ysis:
A Systems Approach."” The Student Manual, Published in
1984, provi des a brief discussion of the value of fire risk
analysis and a sinplified definition of fire risk as "the
potential vulnerability to fire with the possibility of |oss,
injury, disadvantage or destruction (p.3-4)." The manual
identifies several elenments of risk which must be analyzed to
determ ne the full inpact; those el enents span a scope of
guestions fromwhen and why the fire m ght occur, to where and
what is in danger, and what the inpacts m ght be inposed on
t he respondi ng agencies and the resulting community | osses.

Several authors studied introduce many different yet
specific thoughts of risk and hazard anal ysis, including
term nology. John R Hall (EiLre Protection Handbook), 1997),
becomes specific about the elenments of fire risk analysis and
divides it into two areas of consideration; severity,
considering also a neans of neasuring the severity, and
probability for fire (p.11-78). Hall contends that efforts
toward target hazard identification or fire flow cal cul ati ons
are not risk analysis because of the lack of fire probability
and uncertainty considerations and should be consi dered hazard
anal ysis. Richard Bukowski, (Eire Protection Handbook, 1997)
supports Hall's comments and contends that hazard analysis is
nore concerned with determ ni ng what shoul d be expected from
specific conditions in a fire scenario (p.11-70).



WD. Rowe, in a 1982 paper presented at an ASTM
synposi um introduced the term"risk assessment” which by his
definition covers determ nation of risks and the soci al
consi derations of risk (p.5). Rowe explains the social
consi derations as whether the potential of loss is worth the
risk or the costs to prevent the risks are in excess of the
| oss. Rowe contends this is the total process of risk
anal ysis (p.b5).

Marita Kersken-Bradly, in a Chapter contribution to the
Handbook of Fire Protection Engineering (1992), indicates that
ri sk assessnent have referred to point schemes, schedul es,
fire safety matrices, construction of probability curves,
eval uation of risk indices as nmethods of evaluation in the
past. Logic tree analysis is appearing to gain popularity and
gradual usage (p.4-1). Kersken-Bradley indicates that these
met hods general evaluate fire scenario elements fromignition,
t hrough fire devel opnent, to term nation - considering even
el enments of self-termnation and includes inpacts of fire
fighter intervention (p.4-2,-,4-7).

As with Hall and Bukowski, H. J. Roux (1982) appears to
not consider fire risk or hazard analysis to be one in the
sane and provide a single definition for this process. Roux
guotes the Anmerican Society for Testing and Materials' (ASTM
definition of risk as "as the probability that a fire wll
occur and the potential for harmto |ife and damage to
property resulting fromits occurrence (p.20)." Roux defines
hazard from the point of view that any risk that is above an
acceptable |l evel by the authority having that decision power,
is a hazard.

Key El ements of Fire Ri sk Assessnent

The National Fire Acadeny (NFA) course "Fire Risk
Anal ysis: A Systens Approach"” (1984) provided several elenents



whi ch shoul d be considered in determ ning the risks. Those
el ements specifically listed in the Student Manual are;

1. VWhen m ght the incident occur?

2. VWhy woul d the incident occur?

3. VWho is in danger?

4. What is in danger?

5. Where is the danger?

6. VWhere will the | oss be?

7. VWy will this Fire Dept. have problem (p.3-5)?
Rowe (1982) lists five steps to the process of risk

assessnent. Those five steps are;

1. | dentify causative events. These causative events
may | ead to several possible outcones.

2. Define the outcones noted in item1 and their
relative probability should be determ ned.

3. Defi ne exposure pat hways, the means by which risks
area transmtted.

4. Define the possible consequences of risk exposure,
and determ ne, for each risk, the probability that
consequences will occur.

5. Consi der the val ue placed by affected individuals on

t he consequences of risk exposure (p.9 & 10).

Rowe expands the consequences area of the five el enents
to discuss outconmes and mitigation efforts for those
consequences. The mtigation efforts mght include fire
fighting nethods and equi pnent, rescue and nedi cal systens,
and such other itens as insurance for spreading risks, and
| oans for recovery purposes(p.10).

Ker sken-Bradl ey (1992) indicated the usage of logic tree
concepts in risk assessnent is growing in popularity (p.4-1).
In the md 1980's, the National Fire Protection Association



(NFPA) organi zed a to develop a fire safety commttee that
eventual |y developed a logic tree systemfor fire safety in

structures; the "Fire Safety Decision Tree." The now
publ i shed "Safety Concept Tree" presents a very large mpjority
of the main elenments of risk assessnent |isted by other

aut hors but al so presents an even greater detailed |ist of
sub- conponents. The "Safety Concept Tree" is duplicated in
Appendi x A. The safety tree considers the two prinmary

obj ectives in building fire safety as being prevention of
ignition and managenment of the fire inpact. These two

obj ectives are further sub-divided into five additional

consi derations; control of heat energy sources, control of
ener gy-source interaction, control of fuels, managenment of the
fire, and manage the exposed. Fromthis |evel, the objectives
are further broken down into a significant |ist of additions
consi derations fromeach of these five elements. This is

per haps the nost conmplete list of fire assessnent
consideration found in this research (NFPA 550, 1995, p.550-4
- 550-8).

The 1986 research project, The National Fire Risk
Assessnment Research Project, concluded "the |ikelihood that
fire will occur and the severity, or hazard, of the incidence
once it occurs" were identified as the two primary conponents
of fire risk (National Fire Protection Research Foundati on,

p.1-1).

Though this project was intended to devel op a nmethod of
correlating fire |l osses of specific products with the fire
properties of the product, elenments of fire risk were utilized
in the procedures of the research. O her sub-conponents of
fire risk discussed in the report were ignition sources or
origins, fire growmth and the inpact of construction types,
ventil ation sources and inpacts, flanme spread and fire growth
(p.1-5,1-12).



A nmenber of the Swiss Fire Prevention Service, M
Gretener began studying an arithmetic approach to fire risk
eval uation in the 1960's. The conponents utilized in what is
now referred to as the "Gretener Method" were primarily the
probability of ignition and the probable severity of the fire.
The severity conponent was further divided into the potenti al
hazard, which deals with the building contents and buil di ng
construction, and the fire protection nmethods, which deals
with the building's fire resistivity and fire suppression
equi pment or processes (Watts, 1992, p.4-91).

The insurance industry has utilized risk eval uation
schedul es for many years to determ ne insurance coverage
rates. Though these are not utilized in a manner consi stent

with the intent of this research, they do present sone

el ements which should be considered. The |Insurance Services
Ofice (1SO Comercial Fire Rating Schedul e - Survey

eval uates el enments dealing with the occupancy usage and
contents, building construction, fire devel opnent passageways,
internal protection, and external exposure of other
structures. lgnition is sonewhat eval uated through historical
fire data pertaining to specific occupancy usages (Watts,
1992, p.4-91 & 4-92).

From the ASTM definition of risk quoted by Roux (1982),
t he key elenents of risk assessnent is the probability for
ignition, potential for harmto |life and property.

Met hods for Eval uating Key Assessnent El enments

Fromthe key elenents of fire risk research, the nost
consi stent el enments of assessnent appear to fit into three
primary groups, (1) ignition or the probability for ignition,
(2) fire devel opnent or exposure pat hways, and (3) the inpact
of the consequences of the fire, once devel oped. To properly
evaluate the three groups, each will obviously have to be



broken down into smaller individual elenments. To reach the
primary objective of this research, the group dealing with
consequences of the fire nust consider the inpact on response
forces and their capabilities.

There are likely several different nethods of eval uating
or assessing fire risks or risk elenents. Watts contends that
there are four classifications of assessment nethods,
narratives, checklists, schedules, and theoretical nethods.
Narratives are best described by the fire codes that are in
exi stence today; providing explanations of hazardous
conditions and how to avoid them but do not provide neasurable
or conparative means for degrees of risk assessnent.
Checklists describe nost fire prevention inspection fornmats;
again listing many hazardous conditions but also not providing
nmeans to determ ne degree or nagnitude of the risks.

Schedul es, on the other hand, provide lists or grouping of
hazardous conditions and provide arithnetic values to each
condition based on professional judgenment and past

experiences; providing a neans to achi eve sonme sort of measure
of the potential of the hazard. Theoretical nethods provide
nmeans to evaluate risks or risk elenments through nore

anal ytical processes of conputer sinulations, nodeling and

mat hematical |inear regressions; growing in popularity through
expansi on of computer capabilities (Watts, 1992, p.4-89, 4-90).

Evaluating the first of the three primary el enent groups,
ignition, is not a sinple task in itself. When considering
structures and occupancies of all types, the list of ignition
or energy sources and the likelihood that a particular and
significant source of energy will expose an avail able and
susceptibly ignitable fuel is a conplex m xture of events to
be consi dered. Appendix B provides a very sizeable |ist of
energy sources and recogni zed ignition sources and Appendi x C
provides a list of fuels and potential fuels that nust
considered in a the process for evaluation the ignition



el ement .

Narrative, checklists, and schedules rely for the nost
part on professional judgement and historical data.
Consi deration of the likelihood of ignition occurring and
bei ng sustained to actual fire continuation, based on the
brief description previously nentioned, would require a
t renmendous amount of research and anal ysis of historical data.
To determ ne the consistent contribution of any one ignition
source combining with a single fuel supply and be able to
revealing a verifiable condition would be singularly a sizable
effort.

Utilization of probabilistic techniques would be the nost
li kely technique to achieve the correlation of data with some
amount of verifiable conclusions. The greatest problemwth
this approach is that all occupancy conditions and potenti al
ignition sources have not necessarily generated data adequate
to handl e all occupancy and within occupancy scenari os that
could even confront Brighton Fire. Ramachandran, (Fire
Technol ogy, 1988, p.205) indicates that "w thout carrying out
costly surveys, it is difficult to estimate directly the
probability due to a particular cause in a particular part"”
(referring to part of an occupancy). The new Australian Eire
Engi neering Guidelines (1996), concludes that "there are at
present no quantitative nethods available for the prediction
of potential for ignition (p.8-3)."

Eval uation of the second primary el enment of risk
analysis, fire devel opnent and exposure pathways, is no |ess
conplicated than the ignition element. Fire growth or
devel opnent is highly dependent on conplex interactions
bet ween fuel characteristics, aerodynam c processes invol ving
heat di spersion and | osses, and chem cal processes of fire and
fuels. Quintiere (1997) indicates "fire growth depends on the
ignition process; flame spread, which defines it perineters;



and the mass burning flux over the area involved (p.121)."
The National Fire Risk Assessnment Research Project Final
Report (1990) notes that information related to the room of
origin and its characteristics play an inportant role in the
fire gromh. Area characteristic m ght include w ndow and
door sizes, wall and ceiling construction, as well as the size
and di nensi onal relationships of the roomitself (p.1-12, 1I-
16). The Australian Eire Engineering Guidelines indicates

t hat spread beyond the room of origin can be attributed to
cl osures being |left open, opening created by glass breakage,
construction failures at penetrations of building services,
and actual failure of the integrity of the buil ding
construction; walls, ceilings, doors, and floors, or even
bui | di ng col | apse.

Quintiere (1997) contends that flanme spread in itself is
a fire phenonenon that is not easily analyzed mat hematically
(p.97). Fire spread is highly dependent on "the fuel, its
orientation, the wind, direction of spread, and other factors
(p.-99)." Quintiere (1992) in a chapter contribution to
Handbook of Fire Protection Engineering, further contends that
little information is available for general application of
flame spread considerations do to three factors; one,
i nadequat e know edge is available to nmake predictions in
general applications; two, generally acceptable tests are not
avail abl e to generate adequate fuel data; three, the nultitude
of fuel configurations present an inpossible totally testable
situation (p.1-360).

Har mat hy, (Fire Technol ogy, 1976) contends that the
burning rate and the heat flux is highly ventilation
controlled. The ventilation rate determnes, to a |large
extent the duration of the fire and its ability to penetrate
room construction; poorly ventilated fire are the nost
destructive. Harmathy further concludes that "conpartnment
fires are extrenely conplex processes involving, in addition



to hundreds of identifiable variables, a host of incidental
vari ables, (p.97)." As can be imgined, ventilation rates
determ ned by the door or w ndow being open or the early
failure of the glass or building construction all create that
"host of incidental variables.”

Exposure of other portions of the fire building and
adj acent structures is another portion of the second primary
el ement of fire risk analysis. The Australian Eire
Engi neering Guidelines lists conditions of physical and
constructional separation as well as distances of separation
as primary considerations in this phase of evaluation. But
agai n, determ nation and repeatability are significantly
hampered by | ack of data and predictive research which plague
an accurate and verifiable neans to evaluate these scenarios
(p. 10-12, 10-13).

Anal ysis of the consequences of fire risk presents the
| argest area of consideration. As Rowe (1980) indicates, this
step nust define the possibilities or probabilities of the
consequences based on the fire growth and devel opment and the
val ue i nmpacts of the consequences; specifically on life and
property. These outcones mnmust consider if early warning
systenms, protective, containment, extinguishing systens, and
response systenms have or have not been effective. Finally,
consequences nust consider tangent eval uati ons of whet her
t hese systenms have a cost inpact greater than the potenti al
for total |oss and potential value of insurance or restoration
| oans (p.9, 10, 11).

Roux (1982) rel ates consequences to the potential for
harm Roux contends that harm comes fromthe products of fire;
heat, snoke, flame, toxic gases are exanples sighted. The
measure of harm Roux continues is the anount of | oss or cost
per exposure. Roux suggests that the neasure of success and
goal of the Safety Concept Tree is to prevent people from ever



bei ng exposed to the noted exanples of harm (p. 23, 24).

Bukowski (1997) indicates that fire exposure to people
can be eval uated by application of combusti on and toxicol ogy
nodel s. These nobdel s obviously mnmust consider the person(s)
non-nmobile and relative to the conpartnent in which the person
is located at the time of extreme exposure (p.1l1-74).

Ker sken- Bradl ey (1992) indicates that suppression actions
by fire fighting agencies, suppression systens, or persons at
the site have had little nodeling efforts applied to them
Consi deration for time of action, type of action,
ef fecti veness of the actions have not been adequately appli ed.
Utilization of probability analysis methods could be effective
but the quality and quantity of data directly related to these
suppressi on consi derations are not available (p.4-4,4-5). The
AustralianEire Engineering Guidelines indicate that the
eval uati on of public response forces, in their role of
consequence eval uation, nust include considerations of
response tinme of the forces, time for set-up, tinme to conplete
evacuati on conpl eteness, tinme to establish the fire attack,
fire control time. All of these elenents are obviously
coincidental only to the agency that will be respondi ng and
must be based on either historical data anal ysis or actual
testing to the best adequacy that can be established.
Additionally, many tine factors will be determ ned by buil ding
occupation, fire advancenent, building accessibility, and many
ot her factors (p.13-1 through 13-9).

"The increasing conplexity of buildings regarding,
functions, size and configurations, requires a broader
attention to the planning of neans of escape to ensure the
evacuation of buildings in an emergency (Kendik, 1986,
p.293)." Kendik indicates that a nodel (name unknown) was
recently devel oped to nmake such decisions. Information
i ndi cates that the nodel may have significant value in



det erm ni ng escape capabilities when applied to a consequence
eval uati on.

The Australian Eire Engineering Guidelines indicate that

t he eval uation of an evacuation notification systemand its
i npact on the consequences of fire is only truly determ ned
t hrough actual testing; though cal cul ati on nmet hods, based on
hi storical information, are covered in the guidelines. The
system nust be evaluated by clarity of information conveyed,
effective notification, as well as the actual the

responsi veness of the test group. These tests can only be
truly determ ned effective when applied to the building in
whi ch they are intended (p.12-6,7,8).

PROCEDURES

Definition of Terns

Fl ame Spread. The process of advancing the fire front
inair, along surfaces, or through porous materials (Quintiere,
1997, p.252)

Mass Burning Flux. Burning rate per unit area. Flux
pertains to heat flow rate per unit area (Quintiere, 1997,
p. 252, 253).

Ri sk Assessnent Tool. A neans, guideline, checklist, or
schedule to perform or guide the performance of a fire risk
assessnment within a building or occupancy.

Research Met hodol ogy. The purpose of this research was
to evaluate the extent or depth of analysis needed in an
assessnent process, the values or elenents that should be



considered in the assessnent, and the amount of effort that
such an assessnent could or should denmand.

The research was historical in that a literature review
was conducted to understand the present know edge and
techni cal devel opnents pertaining to fire risk assessnent, the
el ements that should be evaluated in the assessnent and the
i npact on a fire service agency in making risk assessnment at
the | evel of technol ogy now avail abl e.

The research is action in nature as the mpjority of the
information generated can and will likely be directly applied
to an actual risk assessnent tool to be applied to eval uating
occupancy fire risks within the Brighton Fire Protection

District. Many of the specific ignition causes and fuel s that
can be ignited, determned in the historical research and
noted in Appendix A and B, will provide a significant and

directly applicable list of elenmental conponents to be
considered in the actual devel opment of the assessnent tool.

Assunptions and Limtations

It was determined in the research that several conputer
nodel s have been or are being developed to aid in such fire
anal ysis rel ated areas as snoke spread, fire spread, and
conparative analysis of |ife safety considerations. It is
beyond the scope of this research to review each of these
nodel s for their actual applicability to fire risk assessnent
processes. It is assuned that once the actual devel opment of
an assessnment tool is begun and should the quantitative
approach to that assessnent tool be selected, that review of
t hese nodels will be essential.

Sub- el enents, noted as part of the NFPA "Safety Concept
Tree" and other potential guides for fire risk assessnent were
al so not part of the scope of this research. Appendi x B,



dealing with energy and ignition sources, Appendix C, dealing
with fuel sources, and Appendix D indicate results of research
to evaluate the magni tude of the potential inpact that coul d
be anticipated in assenbling an all inclusive and quantitative
assessnent tool. These Appendi ces were included to aid in
under st andi ng the significance of data that nust be consi dered
in such a tool. The final assenbly of a tool obviously would
have to include analysis of all sub-elenents potentially
applicable to fire risk assessnent.

RESULTS

Research Question Answers

Research Question 1. Shoul d an exacting, quantitative
fire risk analysis method be utilized to evaluate fire hazards
presented by structure and facilities? |In light of the
conplicacy and inpact of the effort on the resources of the
Brighton Fire District and nost other fire service
organi zations to conplete a quantitative type assessnment
process, the concluded answer to this questions is - no.
Because the question begins with the word "shoul d", the
question is asked in an effort to evaluate the value of the
i nformati on devel oped in there search as a neans to acconplish
t he need of the Brighton Fire Protection District and the fire
service as an entity to readily determ ne risk demands versus
suppression force capability.

Research has indicated that the conclusions drawn from a
qualitative process of assessnent could yield the information
necessary to conpare fire force capability with the demands
presented by the possible, or with enough eval uati on, probable



fire that could occur within a single occupancy.

Harmat hy (1976) indicated that conpartnent fires are
conplicated processes involving hundreds of identifiable
vari abl es and an equal nunber of incidental variables (p.97).
The research has reveal ed the nmagnitude of elenents to be
eval uated and the significant number of variables involved in
t he assessnent of each el enent for each conpartnent or area
within a single occupancy could produce a significant number
of | abor hours. Conpleting the assessment of every risk
within a fire district containing over 1000 occupanci es woul d
be well beyond the work load abilities of the agency
regardl ess of size.

Research Question 2. What elenents or values of fire
ri sks must be examned to conpile the data necessary to nmake a
quantitative risk analysis? Research revealed a varied I|ist
of elenments which could be evaluated to conpile what the many
aut hors concluded as a quantitative risk assessnent. The
research appeared to nore consistently conclude on three
primary areas of evaluation necessary; ignition or the
probability for ignition, fire devel opnent or exposure
pat hway, and the inpact of the consequences of the fire once
devel oped. Research of the processes necessary to acconplish
eval uati on of each of these primary areas brought to |ight
many additional sub-el enents. The NFPA "Safety Concept Tree"
provi ded the nost conprehensive |list of sub-el enents;
approximately 65 in all. The Safety Tree did not continue to
t he extent considered necessary by Rowe in his explanation of
t he consequences el enent; evaluating insurance costs or |oan
i npacts necessary in the aversion of risks. To achieve a risk
assessnent process, inclusion and analysis of these 65+ sub-
elements will be a necessity and many nore will |ikely surface
with that effort.

Research Question 3. What ampunt of effort would be



required to nake a quantitative risk analysis productive in a
structure by structure process? This question was
significantly answered in question 1. A review of Appendix A,
B, C, and D, and considering the processes necessary to
properly analyze all of those variables alone quickly provides
a relative inpact view of the needed total process. An
attempt was nmade to achieve a relative man hour figure needed
to achieve an assessnent with the conclusion that a conpl ex
occupancy could reach the md to high three digit range
easily.

DI SCUSSI ON

Had the first research question asked "Could an exacti ng,
gquantitative fire risk analysis method be utilized to eval uate
fire hazards presented by structures and facilities?", the
i kely answer woul d have been - yes. Many of the researched
docunments readily indicate that the technology is available to
make that type of an assessnment. Through | engthy and detail ed
i nspections utilizing checklists or narrative guidelines
conbined with | engthy probability cal culations, the |ikelihood
of ignition could have been evaluated. Wth extensive
conput er nodeling, evaluation of all the possible neans for
the fire to devel op and advance through the building could be
conpl eted. The usage of some reported conputer nodels or
schedul es replicated and expanded fromthe existing insurance
schedul es coul d provide the analysis of the fire consequences.

For the Brighton Fire Protection District to make the
make the descri bed assessnment of the 1200+ commerci al and
i ndustrial occupancies within the District would be beyond the
capability of the district staff. Miuch of the literature
reviewed indicated that the task was conplicated and presented
a significant amount of effort. This sane literature,
however, supported the value that could be gained in not only



bei ng able to analyze the inpact of a fire scenario but
inprove life safety considerations within the occupancy at the
same tine.

Much of the information devel oped relating to the fact
t hat such an anal ysis can be acconplish has been vali dated
t hrough the nunber of concurring docunents. To require such
an assessnment of newly designed building by the designing
engi neers or fire protection engineers is not beyond their
capabilities. This maybe the real answer for the future.
Additionally, the research has reveal ed a host of itens or
facts about building which will be valuable in any approach to
hazard or risk assessnment and the gathering of that
i nformation can begi n now.

Wth the elements of fire risk assessnent being nore
conpletely identified, the ability to conplete far nore
detailed and conplete fire prevention inspections on a daily
basis has been created as well. The prinmary and sub-el enents
can be used to create far better inspection checklists and
devel op the needed training to support the checklist usage.
These sane prinmary and sub-el enents can be utilized to devel op
i nprove construction plan review processes which should
produce a greater insight into potential |ife safety dangers
not before focused on. One additional usage could be in the
devel opnent of fire response preplan devel opment. Wth these
expanded |ists of building considerations, fire response
rescue and fire suppression operations plans can be devel oped
to consider a greater nunmber of rescue and suppression
potential problens.



RECOMVENDATI ONS

The nore readily avail abl e secondary results of the
research can be incorporated fairly easily into the daily

operations of the Brighton Fire District. |nproved inspection
quality, nmore in-depth plan review efforts, and inproved
operational preplanning will all have significant val ue.
Training, utilizing the concepts identified within this

research and the actual detailed elements of fire risk, should
be instituted within the prevention area of the district staff
i medi ately with expansion to operational forces in the
future.

The need to be able to determ ne the proper suppression
staff levels of capability still exists. A means of utilizing
what has been developed within this research through anot her
process of acconplishing the risk assessnent nust be
devel oped.

Consi deration should be given to a qualitative approach
which relies less on a mathemati cs and nore on conparison, to
seek a process with much | ess inmpact but could achieve a
fairly accurate risk |level determ nation for conparison
Regar dl ess of the approach to assessnment, the gathering of a
great deal of valuable information which will be utilized in
any assessment process can begin today. This information can
become an integral part of the occupancy data file for each
and every occupancy, maintained with each fire prevention
i nspection cycle. Once the appropriate assessnent process has
been devel oped, the information will have been mai ntai ned
current and applicabl e.

In a 1989 Fire Engineering periodical article, Francis

Branni gan |i kened |l oss control to a ganbling slot nmachine.
Wth each of the three wheels indicating a separate el ement of
| oss control; one being fire cause, the second being fire



extension, and the third being probl em managenent. The
ganbler's objective is to get all of the wheels to cone-up

j ackpot at the sane tine. But in the case of |oss control,
all three wheels indicating jackpot, nmeans di saster (p.48).
Until the ability to readily achieve quantifiable anal ysis of
all the key elenments of fire risk assessnent is devel oped, the
nost i nportant effort of any fire departnent is to work
diligently to prevent the slot machine jackpot through careful
daily inspection record keeping of all the sub-el enments of
fire risk occupancy in an effort to prevent the elenments from
com ng together in the worst case scenari o.
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APPENDIX A

FIRE SAFETY CONCEPTS TREE

MANAGE FIRE TIMPACT

] 1
PREVENT FIRE IGNITION MANAGE FIRE IMPACT

1 L]

MANAGE FIRE MANAGE EXPOSED

(NFPA, 1995, pp.4,5,6,7
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Nati onal Fire Protection Association, Standard Cl assification
for Incident Reporting and Fire Protection Data (1995, pp.901-
54 - 901-55).
Cl assifications:
Heat, Sparks, Enbers, or Flame from Qutside, Open Fires.
Contains 7 sub-categories
Exanpl e: outside open fire for warm ng
Heat from Fuel -Fired or Fuel - Powered Equi pnent (gas or
[iquid fuel).
Contai ns 9 sub-categories
Exanpl e: Heat from natural gas fuel ed equi pnent
ot her than torch
Heat from Fuel -Fired or Fuel Powered Equi pnent (solid
fuel)
Contai ns 10 sub-categories
Exanpl e: Heat from wood, paper, fueled
equi prment .
Heat from El ectrical Equi pment Arcing or Overl oaded.
Contai ns 10 sub-categories
Exanpl e: Short-circuit arc from nechanica
damage.
Heat from Hot Object.
Contai ns 10 sub-categories
Exanple: Electric lanp. Included are |ight
bul bs.
Heat from Expl osives or Fireworks.
Cont ai ns 8 sub-categories
Exanpl e:  Muinitions.
Heat from Ot her Open Fl ane, Sparks, or Snmoking Material.
Contai ns 10 sub-categories
Exanple: Match, lighter
Heat from Natural Sources.
Contai ns 6 sub-categories
Exanpl e:  Lightning discharge
Heat from Spreadi ng from Anot her Unwanted or Hostile Fire
(Exposure)
Contai ns 6 sub-categories
Exanpl e:  Conduct ed heat
Ot her Form of Heat of Ignition
Contains 3 extrenmely general sub-categories
Exanple: Miltiple forns of heat of ignition

Specific Exanples of Ignition Sources

El ectrical: General categories of ignition sources
1. electrical failure: short circuits, ground faults
2. i nproper installations: overloading, equipnent
damage
3. | ack of maintenance: deterioration of insulation
4. i mproper use: not used in the proper environnment

Appendi x B Page
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5. carel essness or oversight: failure to turn off

Bet ween 1989 and 1993, over 85,510 fires were reported by
fire departments with the ignition source of an el ectrical
nature. The | argest sources were of 40,000 involving al
conditions of failure of electrical distribution systenms and
equi prment .

(Source: Cal oggero, 1997, pp.3-5 - 3-10).

Heating Systenms & Appliances: General categories of ignition
sour ces

1. liquid and gas fuel ed equi pnent: poor naintenance,
failure of air induction neans
2. solid fueled equipnent: over-firing (too high of
tenp.)
carel ess handling of ashes
3. room or space heaters: inmproper placenent, nss
fueling

Bet ween 1983 and 1993, the space heater incidents were
reduced by 50% with information and educati on.
(Source: Johnson, 1997, pp.3-75 - 3-79).

Manuf acturing Processes: General categories of operations and
source exanpl es
1. nmet al wor ki ng:  spont aneous conbusti on of cuttings,
combusti on of coolant/lubricants, neta

reactions,
2. wel ding & cutting: poor mmintenance of oxygen
equi pment, sparks, oil soaked nmaterials in area
3. woodwor ki ng:  vapori zation of resins, dusts,

i nproper

abrasive materials and heat buil ding up
4. spray finishing and powder coating: atom zation of
flanmabl e materials, electrostatic charge
devel opnent

5. di ppi ng and coating: exposed flammble |iquids,
mul tiple mnor ignition sources in area
6. housekeepi ng: snmoking control, storage of cleaning

mat eri al s and equi pment, oil soaked rags
(Sources: Dobbs, Manz, Cholin, Scarbrough, Sheppard
Hi ggi ns, 1997, Chapter 3).
Exanpl e Ignition Sources by Type of Occupancy

Assenbly Cccupanci es:

1. cooki ng: inproper vapor renoval,

2 candl es and ot her open flanmes: inproper containment
devi ces

3. stages: |lighting, scenery

4. projection booths: electric arc, hazardous dust

exposures



* 5, i ncendi ary
(Source: Sharry, 1997, p.9-24)
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Speci al Structures and Hi gh-Ri se:
* 1. electrical: conplication of distribution,
over | oadi ng
2. sources consistent with occupancy type
3. heating: special requirenments may create unusual

condi ti ons
(Source: Caldwell, 1997, p.9-15)
Merchantil e:

1. el ectrical

2. heati ng

3. speci al processes involved: jewelry - gas torches,
* 4, i ncendi ary

(Source: Schultz, 1997, p.9-27)
Busi nesses:

1. el ectrical distribution
2. heati ng appliances,
3. snmoki ng

* 4, i ncendi ary

(Source: Bathurst, 1997, p.9-33 -9-35)
Educat i onal

1. simlar to business occupancies
2. el ectrical distribution
* 3. i ncendi ary

(Source: Stashak, 1997, p.9-38)
Det enti on or Correctional:

1. vocational shop activities: welding, cutting,
nmet al wor ki ng
* 2. i ncendi ary
(Source: Carson, 1997, p.9-42,9-43)
Heal t h Care:
1. speci al equi pnent consistent with these operations

2. appl i ances

3. snoki ng

(Source: Jaegar, 1997, p.9-50)
Board and Care:

1. snmoking material s
2. heati ng appliances
3. el ectrical equi pment
(Source: Lathrop, 1997, p.9-43)
Hot el s:
1. snoki ng
* 2. i ncendi ary

(Source: Bell, 1997, p.9-64)
Apart ment Bui |l di ngs:
snoki ng
i ncendi ary
portabl e heati ng
child play

A WNPEF



(Source: Bush, 1997, p.9-67,9-68)
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Lodgi ng or Room ng Houses:

1. snmoki ng

2. cooki ng

3. el ectrical

(Source: Longhitano & Antonetti, 1997, 9-74,9-75)
St or age:

* 1. i ncendi ary
2. mat eri al handl i ng equi pnent
3. carel ess handling of open flane equi prment
4. portabl e heating devices

(Source: Hisley, 1997, p.9-84)
Li brary & Museum Col | ecti ons

1. arson

2. el ectrical distribution

3. i nproper storage adjacent to heating devices
4. heati ng equi pment failure

(Source: MDaniel, 1997, p.9-92)

* Indicates primary cause as noted in EFire in the United
States:
1983-1990. (National Fire Data Center, 1993, pp.134-171)
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APPENDI X C
FUEL SOURCES

Nati onal Fire Protection Association, Standard Cl assification
for
| nci dent Reporting and Fire Protection Data (1995, pp.901-56 -
901-59).
Material ldentification:
Forms of Materials:
1. Structural Conponents, Finish
Contai ns 10 Sub-cat egories
Exanple: interior wall covering
2. Furniture, Utensils
Cont ai ns 8 Sub-cat egories
Exanpl e: cabinetry
3. Soft Goods, Wearing Apparel
Contai ns 10 Sub-cat egories
Exanpl e: wearing apparel not on a person.
4. Adronnent, Recreational Materi al
Contai ns 9 Sub-cat egories
Exanpl e: toy, gane
5. Supplies, Stock
Contai ns 10 Sub-categories
Exanpl e: rope, cord, tw ne, yarn
6. Power Transfer Equi pment, Fuel
Cont ai ns 10 Sub-cat egories
Exanpl e: pipe, duct, conduit hose
7. General Form
Cont ai ns 8 Sub-cat egories
Exanple: fertilizer
8. Speci al Form
Cont ai ns 8 Sub-cat egories
Exanpl e:  chi ps
9. Ot her Form of WMateri al
Contai ns 5 Sub-categories
Exanple: Miltiple forms of material first
ignited
Types of Materials:
1. Wood, Cel |l ul ose-Natural Occurring



Cont ai ns 9 Sub-cat egori es
Exanpl e: wood, grass
2. Gas (not gasoline)
Cont ai ns 10 Sub-cat egori es
Exanpl e: LP-gas, natural gas
3. FI ammabl e, Combusti bl e Liquid
Cont ai ns 10 Sub-cat egori es
Exanpl e: gasoline
4. Vol atile Solid, Chem cal
Cont ai ns 10 Sub-cat egori es
Exanpl e: radioactive materi al
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5. Pl astics

Cont ai ns 10 Sub-cat egori es
Exanple: rigid plastic

6. Nat ural Product
Cont ai ns 10 Sub-cat egori es
Exanpl e: | eat her

7. Wbod, Paper
Cont ai ns 10 Sub-cat egori es
Exanpl e: sawn wood
8. Fabric, Textile, Fur
Cont ai ns 10 Sub-cat egori es
Exanpl e: wool, wool mxture, finished
goods
9. Mat eri al Conpounded with O |
Cont ai ns 8 Sub-cat egori es
Exanple: oilcloth
10. O her Type of Materi al
Cont ai ns 8 Sub-cat egori es
Exanpl e: ani mal

Exanpl e Fuel s by Type of Occupancy
Assenbly Occupancy:

1. interior furnishings
2. wal | coveri ngs
3. scenery, stage back-drops

(Source: Sharry, 1997, pp.9-22 - 9-25)
Speci al Structures and H gh Rise:

1. interior storage, paper

2. interior furnishings

3. mul tiple types

(Source: Caldwell, 1997, pp.9-14, 9-15)
Mer chantil e:

1. st orage of stock
2. advertising material s
3. di splay materials

(Source: Schultz, 1997, pp.9-28, 9-29)
Busi nesses:
1. furni shings



2. contents

3. finishes

(Source: Bathurst, 1997, p.9-34)
Educati onal

1. cl othing, personal effects

2. eart hwor k

3. t eachi ng supplies

4. vocational supplies

(Source: Stashak, 1997, p.9-39)
Det enti on and Correctional:

1. cl othing, personal affects

2. sl eepi ng equi pnment and nmaterial s

3. finishes

(Source: Carson, 1997, (p.9-45)
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Heal t h Care:

1. medi cal libraries

2. speci al equi pnent, x-ray film

3. beddi ng equi pment, supplies

4. pl astics

(Source: Jaegar, 1997, pp.9-50 - 9-52)
Board and Care:

1. per sonal bel ongi ngs, furnishings

2. interior finish materials

3. over-stuffed furnishings

(Source: Lathrop, 1997, p.9-61)
Hot el s:

1. furni shings

2. | aundry room 1|inens, supplies,

3. finishes

(Source: Bell, 1997, pp.9-64, 9-65)
Apart ment Bui |l di ngs:

1. varying qualities of personal bel ongings
2. buil ding materials
3. finishes
(Source: Bush, 1997, pp.9-67,9-68)
St or age:
1. grain dusts
2. car dboard
3. pl astics

(Source: Hisley, 1997, p.9-85)
Manuf acturing and | ndustry

1. cooling and lubrication fluids

2. fl anmabl e and combusti bl e gases and |i quids

3. oxi di zi ng gases

4. dusts, resins

(Sources: Dobbs, Manz, Cholin, Scarbrough, 1997,
3)
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APPENDI X D
FI RE SPREAD

Nati onal Fire Protection Association, Standard Cl assification
for

| nci dent Reporting and Fire Protection Data, (1995, pp.901-64

901- 68)
Factors Contributing to Spread
Bui | di ng Construction or Design Factors
Cont ai ns 54 Sub-categories
Exanples: <ceiling finish, wall collapse, |ack

of
fire doors, stairwell not enclosed
Acts of Om ssion
Cont ai ns 37 Sub-categories
Exanpl es: vandalism m suse of equipnent, fire
doors bl ocked open
Bui | di ng Contents
Cont ai ns 24 Sub-categories
Exanpl es: dust accunul ati on, i nproper storage,
furniture, fixtures
Del ays
Cont ai ns 23 Sub-categories
Exanpl es: detection of fire, system
I nappropriately shut off, secured area
Protective Equi pnent
Cont ai ns 22 Sub-categories
Exanpl es: punp failure, fire door failure,
wat er

supply i nadequate
El ectrical or Mechani cal Equi pment



Contai ns 12 Sub-cat egori es

Exanpl es: friction, rupture,
Nat ural Conditions

Cont ai ns 18 Sub-cat egori es
Exanpl es: wind, |low humdity,

over heati ng

eart hquake
Fi rewor ks

Cont ai ns 34 Sub-cat egori es

Exanpl es: firecracker, mlitary devices

Factors Contributing to Flane Travel
I nterior Finish
Cont ai ns 8 Sub-cat egori es
Exanpl es: conbustible ceiling,

materi al s
Structural Factor Allow ng Vertical

Cont ai ns 8 Sub-cat egori es
Exanpl es: failure of rated assenblies,

wal |, fl oor

Tr avel

air-
handl i ng ducts
Structural Factor Allow ng Horizontal Travel
Cont ai ns 9 Sub-cat egori es
Exanpl es: door open, w ndow, wal l
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Physi cal Transfer of Material Ignited
Cont ai ns 6 Sub-categories
Exanpl es: wi nd, gravity pipeline, aninals
Bui | di ng Contents

Cont ai ns 8 Sub-cat egori es
Exanpl es: decorations, furniture
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